The nature of the lesion recognized by a damage-specific DNA binding protein from human cells was investigated by examining the substrate specificity of this protein. Protein-recognizable damage was introduced into both T7 DNA and Poly d(A-T) at relatively low UV fluences. In addition, the protein demonstrated binding to both nitrous acid-and bisulfite-treated DNA, but not to DNA crosslinked with trioxsalen plus near-UV nor to nonirradiated uracil-containing DNA. These results suggest that this protein could be recognizing minor helix distortions in DNA rather than any one single lesion.
INTRODUCTION
The role of DNA damage in mutagenesis and carcinogenesis has been indicated in a variety of studies (1, 2) . Workers utilizing ultraviolet (UV) radiation as a damaging agent have generally focused on the cis, syn cyclobutyl pyrimidine dimer photoproduct and have established the quantitative significance and biological importance of this lesion (3, 4) . In recent years, however, a number of studies on the biological responses to UVirradiation have implied that lesions other than the pyrimidine dimer also contributed to the observed cellular responses (5) . Using UV-irradiated chick cells in culture, Paterson, et al_. (6) found that even when essentially all the pyrimidine dimers were removed by photoreactivation, the cells demonstrated high levels of unscheduled DNA synthesis and repair replication. Similar results were reported by Lehmann and Stevens (7) who employed the inhibition of replicative DNA synthesis in UV-irradiated chick cells as a probe for DNA damage. The results obtained in both sets of experiments suggest the presence of some non-photoreparable lesion in UV-irradiated DNA. A similar interpretation could account for the discrepancy between the kinetics of dimer elimination and of repair synthesis in UV-irradiated human cells reported by Ehmann, et al. (8) . Measuring a very different biological response, Lin and Howard-Flanders (9) found that photoreactivation decreased UV-induced recombination in heteroimmune infections, but not in homoimmune infections of Xlysogens. These results indicate that, under non-replicating conditions, recombination is being induced by non-pyrimidine dimer lesions.
In previous work CIO, 11) , I have reported on the isolation of a damagespecific DNA binding protein from human placenta which binds tightly to UV-irradiated DNA, and to photoreactivated UV-DNA but not to DHA in which thymine dimers have been introduced by near-OV irradiation in the presence of the photosensitizer, acetophenone. These results indicated that the protein was directed toward some photoproduct other than the cyclobutyl pyrimidine dimer. Although a number of endonucleases directed toward nond imer damage in UV-irradiated DNA have been isolated (12) (13) (14) (15) (16) , these enzymes are for the most part active only with heavily-irradiated DNA. In contrast, the damage-specific DNA binding protein binds tightly to DNA irradiated with low UV-doses. In this report, I examine the affinity of this protein toward DNA treated with several different damaging agents in order to gain some insight into the nature of the lesion being recognized.
MATERIALS AND METHODS
Binding Protein Preparation and Assay. The damage-specific DNA binding protein was isolated from the insoluble fraction of a sodium cholate extract (17) of human placenta by a modification of the procedure of Feldberg and Grossman and corresponds in purity to Fraction V (10). Filter binding assays were carried out as previously described (10) . Because the purified DNA' binding protein contained levels of protein below the detectable limit, protein titration curves are expressed in Ul of protein added rather then pg. Nitrous Acid Treatment. In addition to 254 nm radiation, several other agents were found to introduce protein-recognized lesions into T7 DNA.
Nitrous acid is a powerful mutagen, deaminating guanine to xanthine, adenine to hypoxanthine and cytosine to uracil as well as introducing crosslinks of unknown structure (22) . Fig. 2 is a protein titration curve for T7 DNA Trioxsalen-Crosslinked DNA. To examine the possibility that the protein recognized DNA crosslinks, I employed the photochemical crosslinking agent, trioxsalen (4,5',8-trimethylpsoralen). In the presence of near-UV light, this agent forms monoadducts with thymine residues and cross-linked diadducts between thymines on opposite strands of the DNA (24) . After incubation of the T7 DNA with trioxsalen, extensive crosslinking was found in the irradiated sample, but not in the dark control nor in the sample irradiated with near-UV light in the absence of trioxsalen CFig. 3). When these samples were examined for protein binding (Table 1) , it was found that although near-UV light alone introduced protein-recognizable damage, irradiation in the presence of trioxsalen gave no additional binding. I determined whether the lack of protein binding to the cross-linked DNA could have been due to either a gross helix distortion or to interference by the trioxsalen monoadducts by reirradiating this DNA with 254 nm light and reassaying it. As seen in Table   1 , this sample was as good a substrate for the binding protein as was irradiated non-crosslinked DNA.
Bisulfite Treated DNA. Bisulfite is a highly specific deaminating agent which converts cytosine to uracil (25) . To retain the double helical character of the DNA necessary for protein interaction, the bisulfite treatment was carried out at temperatures slightly below the Tm of the DNA. Under these conditions, the DNA was partially melted, a necessity for bisulfite action, but the strands were not completely separated. DNA treated in this way was found to be a good substrate for the binding protein, and an average of 0.60 protein-recognizable sites were introduced per T7 molecule (Fig. 4) . bisulfite-treated DNA will be a uracil opposite a guanine in a base mismatch.
Since uracil is not a normal constituent of DNA, and since a number of enzymes which can excise it from double or single-stranded DNA have now been described (26) , it seemed critical to determine whether the protein might simply be recognizing uracil per se.
Uracil-Containing Nucleic Acid. DNA from the uracil-containing B. It is within the context of this scheme that the rather broad specificity of the binding protein can be best understood. In addition to UV-irradiated DNA, the protein is able to recognize damage in X-irradiated (10), nitrous acid treated and hisulfite treated DNA. In addition, we have found that the protein can bind to irradiated poly dT annealed to nonirradiated poly dA, as well as to irradiated poly dA annealed to nonirradiated poly dT (in preparation). Of these various treatments, the most specific is sodium bisulfite, which, under the conditions employed, would have resulted in the deamination of cytosine to yield a uracil mismatched opposite a guanine. The possibility that the protein simply recognizes the unusual base uracil in DNA is unlikely since nonirradiated PBS2 DNA was not a substrate. Taken 
